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[bookmark: _fd3kbfeshxtv]Kids, Chemicals, and Cancer
[bookmark: _voetfxrhla8]Preface to the Investigation
This investigation is based on the true story of a boy in Toms River, New Jersey who developed childhood leukemia at the age of nine. During the investigation, we expect you to consult the Internet, the library, and resources posted on the course web site. Your text is also a good source for basic information, particularly on the topics with an asterisk next to them in the list of topics provided below.
We suggest keeping in mind the following questions as you work through this problem. These are offered to help you keep sight of the "big picture" as you find and try to assimilate progressively greater amounts of specific information.
· What is cancer?
· What's the connection between environmental pollutants and cancer?
· How do you decide if there's more cancer in an area than you would normally expect?
In the process of investigating these questions, you will encounter the following background topics:
· Cells and the cell cycle*
· DNA*
· Cancer
· Cancer clusters
· Biogeochemical cycles*
· Organic chemistry
· Soils
· Ground water
*These background topics are well-explained in your textbook

Kids, Chemicals, and Cancer
Part 1: Michael’s Mysterious Symptoms[footnoteRef:0] [0:  Based on an account written by Michael's family. Toxic Environment Affects Children's Health (n.d.), "Michael Anderson," First retrieved 18 February 2003 from: http://trteach.org/stories/anderson/michael.html] 

At age nine, Michael was a happy-go-lucky boy, involved in the local soccer team and cub scouts. One morning in May 1991, he woke up with a sore thumb. Michael's mother, reflecting back on that day, remembers how she "thought nothing of it" and sent him off to school as usual. The next day, Michael's ankles hurt too. His mother now suspected Lyme disease, since the family lived in a high incidence area. Michael was tested, but the test results came back negative.
Over the weeks and months that followed, Michael's joint pains grew progressively worse. A rheumatologist thought that Michael might have rheumatic fever from an earlier, undiagnosed case of strep throat. By July, Michael was confined to a wheelchair. His feet and hands took on a crippled, arthritic appearance, and were intensely painful to move. His muscles started to atrophy from lack of use. He had to take ibuprofen constantly for the pain.
At this point Michael's pediatrician suggested that his parents take him to Children's Hospital of Philadelphia for a complete work-up. A team of pediatric rheumatologists at the hospital determined that he was suffering from juvenile rheumatoid arthritis (JRA). They wrote some prescriptions and sent Michael home. But after taking the medicines faithfully, Michael's condition didn't improve.
By early September, Michael developed intense pain in his shin, away from any joint. Nosebleeds became longer and more frequent. Strange circular bruises began to appear all over his body. Michael's mother called the doctors to explain his latest symptoms. They continued to insist it was JRA. His mother grew more and more doubtful. Leukemia crossed her mind, but what did she know? She was only a layperson, after all. All along, the doctors had done blood tests and there was no sign of leukemia.
Michael's pain got worse and doctors seemed unable to help. Michael's mother looks back on that dismal period in their lives and recalls, "I cried right along with him. One of the doctors told me there was nothing more I could do. But I refused to listen." Michael traveled from Toms River to Philadelphia for yet another appointment. His mother remembers this trip well:
"This time a new, younger doctor joined the team. He was fresh out of medical school and saw Michael's illness with different eyes. He listened to what Mike had to say and took the time to thoroughly examine what actually hurt. He discovered that it wasn't the finger joints at all, but the bones between the joints that hurt. He ordered blood tests and sent Michael to bed. Later that night the blood test results confirmed what he feared: Michael had leukemia. He told me the results and asked, "Do you have any questions?" I was stunned and speechless. Whatever they said just bounced off. I sat up and stared out the window at the skyline of Philadelphia for hours through teary eyes."
[bookmark: _6m4u0jmoz0qi]Focus Questions:
1. What causes leukemia? Why did Michael get it?
2. Why do you think that the physicians misdiagnosed Michael's symptoms for so long?
3. What are the treatment options for leukemia?
Develop a list of more specific "learning issues" (topics, concepts, additional questions) that you need to investigate to address these broader focus questions.


Kids, Chemicals, and Cancer
[bookmark: _p91eiek92xae]Part 2: A Cancer Cluster?
In the early 1990s, there was a slowly increasing awareness that kids in Ocean County were getting sick. It seemed like everybody knew of someone whose family had been touched by cancer. The cancers were either ones that no one had ever heard of (neuroblastoma, for example), or were unusual ones, such as mixed forms of leukemia and lymphomas. Families began to coalesce around their shared difficulties and form support groups such as "Ocean of Love" for Toms River families with children with cancer. They shared stories and began to ask questions.
Parents began to wonder if their children were at risk. How could they be getting cancer? Was living in Toms River causing them to get sick? Was something in the water or in the air that might be causing cancer? How would they find this out?
[bookmark: _lb25uexrelj]Focus Questions:
4. What evidence would you need to collect to determine if these occurrences of childhood cancer are linked by some factor other than chance?
5. What environmental factors in Toms River might be contributing to development of cancer?


[bookmark: _hz3wn5jb2e1z]Kids, Chemicals, and Cancer
[bookmark: _9n2tnqh3xf1v]Part 3: Evidence and Inference—Where Does it Lead?
In March of 1996, over 1,000 citizens attended a public meeting to express their outrage and concern over the high rate of cancer in Toms River. Commissioner Fishman of the New Jersey Department of Health formed a group called the Citizens Action Committee for Childhood Cancer Cluster (CACCCC). The CACCCC was charged with the responsibility of providing the public with timely and honest information about the crisis and making sure the government agencies serve the public interest. The parents were turning into activists. They were asking hard questions and expecting to find answers.
From 1952 through the early 1990's, one of the major employers for Toms River had been Ciba-Geigy Chemicals (CBG). Ciba-Geigy produced anthraquinone dyes, azo dyes, epoxy resins and other specialty chemicals. The CBG plant is located on a property in Dover Township, Ocean County that is adjacent to the Toms River, which flows along the northeastern boundary of the approximately 1,400 acre site. At peak operations, there was a daily production of over 300,000 pounds of dyestuff and epoxy resin. The manufacturing processes used to produce the various chemicals (estimated to be over 600 over the years) generated liquid and solid wastes. Early on, wastewater was discharged directly into the Toms River, which flows into Barnegat Bay. Later, disposal of these wastes was onsite, in approximately 20 "source areas."
In 1988, the Agency for Toxic Substances and Disease Registry (ATSDR) released its first Public Health Assessment (PHA) for the CBG site. The first addendum was issued in 1991, which surveyed the marsh sediments and surface waters of Toms River for arsenic, cyanide, DDT, and aldrin. The levels were found to not pose a threat to public health. A second addendum was released by ATSDR that same year, after surveying on-site soils, that the nature of the threat to public health could not be determined. At about this same time, some of the private and public wells were capped due to the presence of lead and mercury. The United States Environmental Protection Agency (USEPA) concluded that the contaminants in these wells were unlikely to be related to the CBG site. Surveying soils in Winding River Park and the Cardinal Drive/Oak Ridge Parkway area for volatile organic compounds (VOCs), the ATSDR concluded that since most soils did not indicate VOC contamination above detection limits, no public health threat existed and further sampling was not warranted.
[bookmark: _oflq5cw19ywj]Focus Questions:
6. Are the parents justified in suspecting that the activities of local chemical manufacturing plants may cause cancer? What chain of causes and effects (linked to the circumstances in Toms River) would have to happen for this to be true?
7. Wouldn't the human adults (especially the older ones) and other animals living in Toms River get cancer if a chemical manufacturer were the culprit? What are your reasons and evidence for thinking that adults and animals would or would not get cancer?
8. 

[bookmark: _1of2og7epih2]Kids, Chemicals, and Cancer
[bookmark: _bu915w5r9y1u]Take a Good Look around, This is Your Hometown
(With Apologies to Bruce Springsteen)
Name_____________________________________                               	Group #______
 
In this assignment you’ll investigate what hazardous and carcinogenic substances are found near your hometown. It is due on [insert date]
 
1. What town, city, borough, or township do you consider to be ‘your hometown?’ In what county and state is it located?
 
 
2. What Superfund sites on the National Priorities List are in your hometown, in your county, and in the close surrounding counties? To answer this question, go to the Environmental Protection Agency (EPA) website at www.epa.gov. On the left hand frame, select the <Where You Live> link. (5 points)




 
3. Pick one of the sites from your list. What toxic substances are present there? (10 points)
Indicate which of them are carcinogens. You can find this information in the National Institute of Environmental Health and Safety’s 11th Report on Carcinogens at http://ntp.niehs.nih.gov/about/presscenter/frndocs/2001/roc11newnomsfr/
Indicate which of them are found on the Priority List of Hazardous Substances. You can find this information on the U. S. Department of Health and Human Services/Center for Disease Control ASTDR web site athttp://www.atsdr.cdc.gov/SPL/index.html.
 
 
 
 
 
 
 
 
 
4. Pick out one of the Top 20 Toxic or carcinogenic substances found in your example site, describe its chemical nature. What is its chemical structure? Provide a citation for any references you consulted to find this information. (5 points)



[bookmark: _vef2yv643081]Kids, Chemicals, and Cancer
[bookmark: _z5h76aihyw2]Concept Mapping Cancer
[bookmark: _ezdapsx6lzqa]What is a Concept Map? 
[bookmark: _2qcp1kvtzyew]A concept map is a collection of boxes, lines, and words used to represent an individual's understanding of major themes and ideas on a subject and how these ideas are interrelated. A common method used to construct a concept map is as follows:
[bookmark: _bml3s2aeq3d2]§  Identify all the words (nouns) that represent key concepts related to the subject. It's convenient to write these words on "Post-It" notes or index cards until ready to assemble a final version of the map.
§  Rearrange (on any convenient surface) the notes or cards in hierarchies of importance, with more general concepts at the top, and a progression towards increasingly more specific concepts towards the bottom of the map. Alternatively, the most general concepts could be placed around the outer edges of the map, with a progression towards the most specific ones at the center. Feel free to be creative about how you organize your map, as long as the hierarchical scheme is clearly evident.
§  Next, establish the propositional linkages between concepts. Propositional linkages are lines and words drawn between concepts that the mapper thinks are connected in some important way. Draw the lines directly from one concept box to another, then place a word or phrase (usually containing an adverb or verb) above each line that briefly describes the essential connection between the concepts.
§  After drawing some of the important propositional linkages, you may want to begin drawing your finished version of the map, removing the Post-Its and replacing them by drawing squares containing the concepts directly on the paper.
§  If possible, draw cross-links. These are similar to propositional linkages, but are used to convey connections between concepts in different map areas, rather than between immediately adjacent ones.
[bookmark: _u48ji89gd2sx]The Mapping Assignment:
1. To help pull together your ideas from readings, lectures and discussions, construct a concept map on cancer. Your map should have the following concepts about cancer on it (but you don't have to limit your map to these words):
[bookmark: _db9r179q8hve] 
[bookmark: _19krno6txrdm]Mutation                       	      DNA repair                                               Tumor suppressors
[bookmark: _vkdyaoubuv84]Chromosomes               	      Oncogenes                                               Invasive cell growth
Genes                                             Proto-oncogenes                                       Metastasis   	
Cell division                              Unlimited cell division                    	Heredity predisposition                  Cell cycle                      	Apoptosis                                             Environmental factors
DNA synthesis              	Angiogenesis
 
2. The map is due (with contributing group members' signatures and group number) at the end of the next class. A recommended strategy is to think about the map today, then assign group members to research (for the next class) any areas in which concepts and connections are not well understood at this point, yet are needed for completion of a well-constructed map.
3. A well-constructed map will be considered one that shows evidence of: 1) accuracy; 2) hierarchical organization; 3) evenness of coverage in different map areas (Is one side highly developed and specific, while another is full of white space?); and 4) completeness (Are big ideas related to the title included? Are the possible linkages present? Do linkages connect the concepts in meaningful ways?)


[bookmark: _e6779p9zm2i6]Kids, Chemicals, and Cancer
[bookmark: _gv9r02bi9rgl]Final Product Part 1—Individual Writing Assignment
[bookmark: _ttz5877lbtvv]The assignment:
You now have the outline of a story about a community dealing with a crisis—its children are getting seriously ill, and its citizens suspect that something about living in Toms River is hazardous to people’s health. Understandably, the citizens of Toms River want some answers and they want to hold those responsible accountable. To find the answers and accountability they sought, however, the citizens had to build an unbroken chain of evidence and associated explanations linking a source of environmental toxins in the Toms River area to the more proximate causes of their children’s cancers (that is, to the changes in their bodies that made them get cancer).
In this assignment, which requires the writing of a short essay and construction of a flowchart, we would like you to describe the chain of evidence that would support your own inference about the series of causes and effects that led to the illness in Toms River. There is no “right” inference—only ones that can be supported with evidence and well-reasoned explanations or ones that cannot be substantiated. The essay should describe how each piece of evidence supports the inference you choose to make. In cases in which you think that necessary information (needed to have an unbroken chain) is missing, be sure to point this out. In addition, please develop a flowchart that summarizes the process described in the essay in a step-by-step manner. Be sure to cite references you consult in writing the assignment—there is a minimum requirement to consult and cite at least two non-encyclopedia, non-dictionary, and non-textbook sources, one of which must also be a non-Web source. For all citations, use APA style.
[bookmark: _rtno17wa5ip9]Summary and general information about the assignment:
1. The due date is at the start of class on [insert date].
2. It is worth 25 points.
3. It is an individual assignment.
4. It requires both the writing of a short (~two-page) essay and the construction of a flow chart.
5. Citations of 2 references consulted are required, using APA style.
6. It should be typewritten in a minimum font size of 12 pt.
[bookmark: _cjaox3x7g9t3]Issues to Consider When Writing First Draft of Assignment:
1. Is the writing clear and to the point?
2. Does each sentence contribute to the argument?
3. Is an organizational scheme readily evident in both the essay and in the flow chart?
4. Is the connection between each of the pieces of evidence and the inference clear and defensible? Is each of the pieces of evidence necessary? Are any major pieces missing?
5. Are the references appropriate? Are they written so that the reader might easily find them in the library or on the Internet? Has APA style been used?


[bookmark: _ppdfqak7ctov]Kids, Chemicals, and Cancer
[bookmark: _oszu6kbbxw59]Final Product Part 2—Group Assignment on Teaching about Cancer
[bookmark: _ctzh3h3f2oh1]General information about the assignment:
1. The due date is at the start of class on [insert date].
2.  It is a group assignment. Your completed assignment should have your group number on it, along with the signatures of all group members who contributed to the assignment.
3.  Each group member should also fill in and hand in a feedback form on group members’ contributions to completion of the project. Failure to do so will result in a deduction of 10 points from your score for the assignment. These feedback forms will be used in assigning each group member’s grade for the assignment. That is, group members that did not make a substantive contribution (as identified by other group members’ feedback forms) will receive a reduced grade.
4. The assignment is worth 75 points.
[bookmark: _hkbwrjw9f6ct]The assignment:
Imagine that you are an eighth grade science teacher in Somewhere Town, USA. One of the students in your class (let’s call her Anna) has leukemia—she has been absent from class for several months. You have just let your students know that Anna is feeling steadily better and should return to class within a month or so. Your announcement prompts some lively conversation amongst your students, and they begin to bombard you with questions about Anna and her illness. Upon hearing their conversations and questions, you decide that you need to plan some class activities about the biology of cancer before Anna’s return.
Parts I-V below are designed to stimulate your thinking about the preliminary steps in developing curriculum activities about the biology of cancer. Specifically: 
[bookmark: _yb7830hzqibk]Part I - 10 Points   	
What questions and/or beliefs do you think children at this age (eighth graders) have about the biology of cancer? Base your answer to this question on your research of the science education literature on children’s understandings about cancer and the related background content (about cells, genetic material and its role, etc.)
[bookmark: _h64qz91dprnq]Part II - 40 Points  	
a. What activities will you plan? Be as specific as possible about these activities and how they will address the common questions and beliefs about the biology of cancer that you identified in Part I (as the result of your science education research).
b. State the questions and beliefs that your activities will address in the form of explicit learning objectives for the students.
c. Be sure to identify how you will build students’ conceptual understandings in each area of biology related to your objectives.
 
[bookmark: _idv43gkme3v8]Part III - 10 Points   
In what ways will you assess that students have met your objectives for their learning? Be specific about the assessment mechanisms and the types of questions or issues that you will address.	
[bookmark: _qonlpey0jk9e]Part IV - 10 Points
How do the activities that you have planned connect to Delaware’s science education standards for the middle school level? Again, be specific about the content strands that you think align with each aspect of your activities and explain why you think they do.
[bookmark: _qsc73oc5wu43]Part V - 5 Points
Include a list of the literature that you have cited in Parts I-IV. Use APA style. Be sure to provide the citations in the body of the text you have written, at the specific point in the text at which you are using information from each cited source.



[bookmark: _ksf5siu8fj2o]Kids, Chemicals, and Cancer
[bookmark: _4fa197xast9t]Summary Assignment
This assignment entails pulling together a thesis that addresses the following question:
Was there (is there) a childhood cancer cluster in Toms River, New Jersey?
Before addressing the thesis, please respond to the questions below in Stage I. For each of the questions, answer as many of the sub questions as you can from the information that is available on the Internet and from other sources. For question 2, the answer could be presented in the form of a table rather than in paragraph form.
[bookmark: _fb9hi54ojmd0]Stage I. Examining the Evidence
1. What forms of cancer occurred with high frequency in the children of Toms River (over the time period from when the citizens and physicians first suspected a high occurrence to the present)? Describe the nature of any two of these forms of cancer—what type of cancers are they? What cells, tissues, or organs are affected, and what are the symptoms (effects on the children’s health)? 
2. What toxins were the citizens of Toms River exposed to? Pick any three of these substances and describe their chemical nature, the potential hazards they pose to human health, and how they interact with the human body. Are any of them known or suspected carcinogens? If so, what is the evidence for their status as carcinogens?
3.  What were the sources of these toxins and carcinogens? Pick one toxin from each of the major sources, and trace the step-by-step mechanisms that explain how they could have gotten from each source into the bodies of the children of Toms River.
4.  The Cluster Busters lab introduced you to the procedures used by epidemiologists to establish a cancer cluster. These include the following:
A. A general description of the cluster that includes: 1) a map and description of the location of the cases and known environmental contaminants; 2) the total number of cases; 3) the time period of the investigation; 4) the age range of the patients; and 5) how long the patients have lived in the study area
B. A comparison of the cancer rates in the defined region and at least one other comparison population
C. Any potential pollution exposures to the people in the defined region
D. The causes of the cancer (e.g., occupational, environmental, exercise, diet and other lifestyle factors) and whether, based on current knowledge, any of the pollution exposures are likely to be biologically linked to the cancer?
So, for this question 4, you are asked to address any of the remaining issues raised in A-D that you did not address in Questions 1-3.
See Stage II on the reverse side
[bookmark: _1t9bk4il6z9t]Stage II. Pulling Together the Evidence to Draw a Conclusion
In this section of your report, draw on the information that is available, and your analysis and interpretation of the information, to address the thesis question of whether your group thinks that there was (is), in fact, a childhood cancer cluster in Toms River, New Jersey.
Use the information that you supplied in Questions 1-4, but do not feel that you are constrained to use of this information only. When appropriate, comment on the validity, clarity or completeness of the evidence that you are providing to support your conclusion about whether or not there was a cancer cluster.
In instances in which you have fully described a line of evidence in response to Stage I, it is OK to only briefly describe it here in Stage II, with references back to your fuller description. If you do so, however, keep in mind that the purpose of Stage II is different from that of Stage I. In Stage I you are providing accurate, well-phrased information, while in Stage II you are drawing on that (and additional) information selectively to make the points you need to make to support your conclusion.
Throughout both Stages I and II of the report, cite any sources you consulted in the appropriate place in the text in which you used the information from that source. Then, list the full references to your cited sources (APA style) in a separate section at the end of the report. 
This Summary Assignment is worth 100 points.




[bookmark: _yvlzf8pf8nsg]Kids, Chemicals, and Cancer
[bookmark: _qou7phafv15v]Pre- and Post-Assessment
Assume, for the moment, that you are a middle school science teacher. The school year is well underway, and you are looking forward to beginning a new unit on cell biology and genetics because you know that students will be engaged in the activities. The unit also addresses statements in the new State Science Standards:
a. Organisms reproduce, develop, have predictable life cycles, and pass on heritable traits to their offspring.
b. The life processes of organisms are affected by their interactions with each other and their environment, and may be altered by human manipulation.
It’s always good to have these ideas in mind in case the principal does a walk through and asks you about what you are teaching.
Clare, one of your students, has been out of class for over two months as she battles leukemia. This unfortunate circumstance led you to think that you could teach at least some of the middle school cell biology and genetics concepts by classroom activities about the biology of cancer.
As a teacher, how and in what ways could you teach standards-based science in the areas of cell biology and genetics using cancer as a theme? Be as specific as possible about the conceptual connections between cancer and what the students could learn about cell biology and genetics.
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